Prosthesis-patient mismatch (PPM) after surgical aortic valve replacement (SAVR) is an issue that has been overlooked (not to say neglected). Cardiac surgeons must bear in mind that this is a real problem that we must tackle. The purpose of this paper is to be a wake-up call to the surgical community by giving a brief overview of what PPM is, its incidence and impact on the outcomes. We also discuss the increasing role played by imaging for predicting and assessing PPM after SAVR (with which surgeons must become more acquainted) and, finally, we present some options to avoid PPM after the surgical procedure.
Prosthesis-Patient Mismatch: Defining the Problem
The objective of surgical aortic valve replacement (SAVR) is to replace the severely impaired native valve with a prosthesis that does not show any residual stenosis or regurgitation to relieve the pressure and/or left ventricular volume overload. Unfortunately, the hemodynamic profile of most prostheses do not live up to that of a normal native valve, and a non-negligible proportion of patients in the postoperative period have high residual transprosthetic pressure gradients due to prosthesispatient mismatch (PPM) [1] . PPM refers to a prosthetic valve that is functioning normally, but whose effective orifice area (EOA) is too small in relation to the patient's body surface area and, therefore, to cardiac output requirements. In view of this, PPM is defined based on the indexed prosthetic valve EOA to the patient's body surface area (BSA), and it is considered non-existent or not clinically significant when the indexed EOA (iEOA) is >0.85 cm .
What Is the Incidence of PPM After SAVR?
Fallon et al. [2] and Sá et al. [3] published the largest studies showing the incidence of PPM after SAVR and both showed that PPM is not an uncommon problem.
Using the STS Adult Cardiac Surgery Database, Fallon et al. [2] recently observed that, among 59,779 patients undergoing SAVR, the incidence of PPM was 46.8% for moderate PPM and 6.2% for severe PPM, which means that, even in the USA, more than 50% of the patients still leave the operating room with a considerable degree of PPM. Similarly, Sá et al. [1] recently also showed that PPM is also associated with faster structural degeneration of bioprosthetic valves following SAVR [4, 5] .
Role of Imaging for Predicting and Assessing PPM After SAVR
Pibarot et al. [6] state that PPM is characterized by high transprosthetic velocity and gradients, normal EOA, small indexed EOA, and normal morphology and mobility of leaflets. Transthoracic or transesofageal echocardiography (TTE or TEE) with Doppler is the basis of the diagnosis and quantification of PPM, but other imaging modalities, such as multidetector computed tomography (MDCT), may provide important complementary information regarding the prediction and assessment of PPM [6] . Table 1 shows the role of imaging for differential diagnosis between normal prosthetic valve, PPM and prosthetic stenosis. Cardiac surgeons must be well acquainted with these concepts to be able to take part in the decision-making process to solve this problem when it arises.
Avoiding PPM after SAVR
Taking into consideration the negative impact of PPM on survival, functional recovery, rates of hospitalization for HF and valve durability, planning to avoid PPM is of paramount importance. Severe PPM should be prevented in every patient undergoing SAVR, whereas moderate PPM should be avoided mostly in vulnerable subsets such as patients with impaired left ventricular ejection fraction; severe left ventricular hypertrophy; low-flow, low-gradient aortic stenosis; or concomitant mitral regurgitation. To adopt preventive strategies, the cardiac surgeon must predict, before prosthesis implantation, the required iEOA after SAVR, which decreases the risk of significant PPM.
published a systematic review with meta-analysis including 70 articles and 108,182 patients and observed a 53.7% incidence of moderate/severe PPM after AVR, ranging from 6.1% to 93.8%.
What Is the Impact of PPM After SAVR?
It is noteworthy that both Fallon et al. [2] and Sá et al. [3] highlighted that not only severe, but also moderate PPM has a negative impact on mortality rates after SAVR. Hazard ratios presented by Fallon et al. [2] confirmed the escalating risk of death with increasing severity of PPM. Patients with moderate and severe PPM in comparison to those with no PPM had an 8% and 32% increase in relative risk of mortality, respectively. There was a 22% increase in relative risk of mortality between severe and moderate PPM. The risk of readmission for heart failure (HF) in ten years increased with the increasing severity of PPM. Patients with moderate and severe PPM had a 15% and 37% increased risk of readmission for HF compared to those with none. There was a 19% increased risk of readmission for HF in severe versus moderate PPM. There was a notable increase in readmission for HF in people with moderate PPM (19.7%) in ten years. Fallon et al. [3] highlighted this was most notable in those with severe PPM, in whom there was a nearly three-fold increased risk of redo aortic valve replacement compared to those with no PPM. Figure 1 shows the adjusted survival rates in the STS Adult Cardiac Surgery Database for patients after SAVR according to the absence/presence of PPM.
Sá et al. [3] demonstrated that patients with moderate/severe PPM have higher risk of perioperative, 1-year, 5-year and 10-year mortality rates in comparison to those with non-significant/no PPM ( Figure 2) . Moreover, mortality rates increased not only with severe PPM, but also with moderate PPM, being severe PPM even worse than moderate in terms of mortality rates. Some studies Fig. 1 If severe or moderate PPM in vulnerable patients is foreseen from the predicted iEOA calculation, several preventive strategies can be adopted.
As a first option, the surgeon may choose to implant another model of prosthetic valve providing a larger EOA for a given To obtain the predicted iEOA of surgical prostheses, the cardiac surgeon needs to know the model and size of the prosthesis that to be implanted. Then, the surgeon should refer to the tables that include the normal EOAs for the different models and label sizes of surgical prosthetic valves and divide the normal EOA by the patient's BSA. This process can be done intraoperatively, once the debridement and measurement of the aortic annulus are made or preoperatively by measuring the aortic annulus dimensions by MDCT or TEE. A word of caution: the prediction of valve size from the aortic annulus size measured by imaging before SAVR will not take into account the Table 1 . Imaging for differential diagnosis between normally functioning aortic prosthesis, prosthesis-patient mismatch and prosthetic stenosis (proposed by Pibarot et al. [6] ).
Variable

Normally functioning prosthesis
Prosthesis-patient mismatch
Prosthetic valve stenosis
Peak transprothetic aortic velocity (m/s) <3 ≥3 ≥3
Mean transprothetic measure gradient (mmHg) <20 ≥20 ≥20 
Fig. 2 -Mortality rates -Largest meta-analysis published up to now.
not associated with an increased risk of in-hospital mortality when compared with SAVR (OR 1.030, P=0.850). Results were also similar when propensity matching was used for baseline characteristics. Correia et al. [9] , Penaranda et al. [10] and Dhareshwar et al. [11] also found that SARE does not increase mortality in the context of SAVR.
CONCLUSION
PPM is a frequent complication of SAVR, which is associated with increased risk of structural valve degeneration, hospitalization for HF, and mortality. The risk of PPM can be foreseen before SAVR by calculating the predicted index from the normal reference value of EOA of the prosthesis and patient's BSA.
Severe symptomatic PPM following SAVR with a bioprosthetic valve may be treated by redo surgery or transcatheter valveinvalve procedure cracking the surgical valve stent, but this is another subject yet to be explored. aortic annulus size (e.g., a stentless or sutureless prosthesis vs. a stented prosthesis).
As a second option, transcatheter aortic valve replacement (TAVR) may be considered instead of SAVR. For this strategy, it would be important to predict PPM before the surgical procedure. Imaging is essential to identify patients with a small aortic annulus in whom it would be difficult to implant a medium or large prosthetic valve during SAVR, even with extensive annulus debridement. In such patients, TAVR may be considered. The VIVA trial (ClinicalTrials.gov; NCT03383445) is currently ongoing to compare TAVR versus SAVR in elderly patients with severe aortic stenosis and a small aortic annulus.
The first and second options are problematic in the developing world. We must highlight that not all the countries in the world can afford the so-called "new generation" prostheses with a better profile nor easy access to TAVR. In the largest country in Latin America (Brazil), for example, more than 90% of patients are operated on in public health care centers, where patients cannot receive these new generation prostheses or TAVR simply because they are not available in the system owing to the price. It is a very different reality. When it comes to these new models of prostheses (including stentless, sutureless and transcatheter valves), they may well be the reality in Europe and North America, but not within the public health systems in Latin America (including Brazil), Africa and most part of Asia, where surgeons have to work with other types of prostheses of "older" technology.
As a third option, the cardiac surgeon may perform a surgical aortic root enlargement or (SARE) aortic annular enlargement to accommodate a larger size of the stented bioprosthesis. This more invasive strategy should be adopted only if the anatomy of the aortic root is favorable and the risk-benefit ratio of this concomitant procedure is considered reasonable.
SARE As an Option Within Reach of Any Surgeon
Since SARE requires neither special devices nor advanced technologies, cardiac surgeons must consider this technique as a possibility when it comes to avoiding PPM after SAVR.
Sá et al. [7] published the first systematic review with metaanalysis including 10 articles and 13,174 patients demonstrating that, overall, patients who underwent SAVR with SARE have statistically significant higher risk of perioperative mortality in comparison to those without ARE, but not without concomitant procedures (actually, they also observed a higher risk, but the difference was statistically non-significant). They also observed that, despite longer cardiopulmonary bypass and aortic cross-clamping times, patients who underwent SAVR with SARE did not experience higher rates of myocardial infarction, stroke, complete heart block/permanent pacemaker implantation and reoperation for bleeding. On the other hand, patients who underwent SAVR with SARE had higher overall mean of iEOA and lower overall rate of PPM.
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